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Description

Background and Summary of the Invention

[0001] The present invention relates to burner
assemblies and particularly to high capacity tube-fired
burners. More particularly, the present invention relates
to an immersion tube burner including a combustion
chamber for burning a combustible air and fuel mixture
and an immersion tube heat exchanger.

[0002] Immersion tube burners are used in a variety
of industrial processes to heat solution tanks containing
liquid. It is often necessary to heat liquids such as water
for parts cleaning or chemical baths for parts treating or
plating. It is known to mount an immersion tube burner
to a liquid-containing solution tank. The burner is
arranged so that it fires into one end of a long pipe or
serpentine tube which passes through liquid in the solu-
tion tank. An outlet end of the tube is connected to an
exhaust stack.

[0003] Typically, tube burners will either use refrac-
tory in the combustion chamber or the burner will attach
to the wall of the tank so that the combustion chamber
is mounted inside the tank. Refractory represents a
large initial acquisition expense as well as continuing
operating costs due to maintenance and repair. Mount-
ing the combustion chamber in the tank allows the liquid
in the tank to provide the cooling necessary to keep the
combustion chamber from melting. However, these
combustion chambers can range from 8-20 inches (20.3
- 50.8 cm) in diameter and from 25-52 inches (63.5 -
132.1 cm) in length. Obviously, such chambers repre-
sent a large volume of space consumed in the tank.
[0004] Eliminating the combustion chamber from
the tank would allow for more passes of a smaller diam-
eter tube through the liquid, thereby increasing the over-
all thermal efficiency of the apparatus. It also allows the
use of a smaller tank with associated floor space sav-
ings. Doing away with the refractory would decrease ini-
tial acquisition expense, save weight, and eliminate
maintenance and repair associated with the refractory.
[0005] In the past, in order to fire enough gas to
achieve the necessary temperatures, high pressure
fans and relatively large diameter tubes were used. The
high pressure fans, because of the size of the fan and
associated ducting, represent another major cost factor
in terms of acquisition. The larger fans require larger
horsepower motors to drive them, and therefore have
higher operating expenses.

[0006] The large diameter tubes generally ranged
between six inches (15.2 cm) and twelve inches (30.5
cm)in diameter. Large diameter tubes can increase
costs by as much as a factor of four over a smaller diam-
eter tube just for straight sections, with curves and
bends in the tubes costing even more. However, in the
past it has been difficult to maintain flame stability when
attempting to burn large amounts of fuel in a small diam-
eter tube.

5

10

20

25

30

35

40

45

50

55

[0007] Recognizing the potential for initial acquisi-
tion and operational savings, there is a need for a
smaller diameter tube burner operating with a low-pres-
sure combustion air source. Such a burner would allow
reduction in size of solution tanks and tubing. It would
further allow the use of a smaller fan with a smaller
horsepower motor and smaller diameter air ducting. A
burner that could meet such demand would represent a
substantial improvement over a conventional immersion
tube burner.

[0008] GB-A-1473320 relates to a system for heat-
ing fluid including a burner comprising a combustion
chamber, an inlet nozzle for combustible gas and an air
inlet pipe having a perforated cone arranged at the
entrance to the combustion chamber. The gas inlet noz-
zle extends into the chamber through the cone.

[0009] According to the present invention there is
provided a burner assembly for combining air and fuel to
produce a burn firing into a tube, the burner assembly
comprising:

a funnel formed to include an inlet end, an outlet
end, and a mixing region communicating with the
inlet and outlet end to fire a burn produced in the
mixing region into the tube coupled to the outlet end
of the funnel,

a nozzle configured to supply a gaseous fuel to the
mixing region in the funnel,

means for introducing combustion air into the mix-
ing region through the inlet end in the funnel to mix
with the gaseous fuel in the mixing region to pro-
duce a combustible mixture, the introducing means
includes an air-mixing plate mounted in the inlet
end of the funnel and formed to include a plurality of
air supply apertures passing combustion air into the
mixing region, the introducing means including a
burner housing formed to include a discharge outlet
and an interior region containing combustion air,
the funnel being located in the interior region of the
burner housing to position the air-mixing plate in the
interior region so that combustion air in the interior
region is supplied into the mixing region through the
air supply apertures in the air-mixing plate, the
burner housing including a wall surrounding the
conical wall of the funnel to define channel means
for distributing combustion air admitted into the inte-
rior region around the periphery of the conical side
wall to cool a combustion mixture in the mixing
region in the funnel and for conducting combustion
air into the mixing region in the funnel through the
air supply apertures formed in the air-mixing plate.

[0010] Preferably, the outlet end of the funnel is
coupled to the discharge outlet of the burner housing so
that a burn produced in the mixing region of the funnel
is fired into a tube positioned outside the burner housing
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and coupled to the outlet end of the funnel through the
discharge outlet. The design of the burner makes it well-
suited to be located outside of a tank containing liquid to
be heated and used to fire a burn into a small bore tube
heat exchanger situated in the liquid-containing tank.
[0011] Gaseous fuel is discharged into the mixing
region in the funnel by a fuel discharge nozzle. The noz-
zle has an annular side wall and a closed end wall. A
portion of the annular side wall of the nozzle is formed
to include a plurality of gaseous fuel discharge ports
that are arranged to discharge gaseous fuel into the
mixing region in the funnel. The air-mixing plate is
formed to include a central aperture and the fuel dis-
charge nozzle is mounted in the burner assembly to
extend through the central aperture and position the
gaseous fuel discharge ports and the closed end wall in
the mixing region defined by the funnel.

[0012] The air-mixing plate is perforated to include
supply apertures for passing combustion air into the air
and fuel mixing region defined by the funnel. These
apertures are arranged in a pattern designed to permit
use of low pressure combustion air and generate a burn
that can be fired into a small bore tube heat exchanger.
The pattern defines several concentric rings of air sup-
ply apertures and calls for the apertures in each ring to
be spaced apart uniformly about the circumference of
each ring. The apertures in the innermost ring of air
supply apertures have the smallest internal diameter
and the apertures in the outermost ring of air supply
apertures have the largest internal diameter. This
unique pattern of air supply apertures allows low pres-
sure combustion air passing through the burner housing
and swirling around the funnel to pass through the per-
forated air-mixing plate into the mixing region provided
in the funnel to mix with gaseous fuel discharged into
the mixing region by the nozzle so that a stable burn is
supported in the mixing region.

[0013] By cooling the combustion chamber with
combustion air, the present invention allows the com-
bustion chamber to be located outside the tank contain-
ing liquid to be heated, yet avoids the need to use brittle
and expensive refractory surface to define the combus-
tion chamber. Removing the combustion chamber from
inside the liquid-containing tank allows a reduction in
size of the tank, tubes, and associated equipment. By
allowing the use of smaller diameter heat exchanger
tubes in the tank, the present invention also provides
increased heat transfer efficiency, thereby providing a
substantial improvement over conventional gas-fired
tube burners.

[0014] By providing an air-mixing plate having aper-
tures of various sizes, the present invention allows a
sufficient amount of combustion air to be provided to the
air and fuel mixing region in the funnel by a low pressure
air fan and eliminates the need for a high pressure air
fan. Use of a low pressure air fan allows the use of a
burner with combustion air fan and gas/air control
devices integral to the burner unit to eliminate the need
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for high pressure air ducting. At the same time, the
design of the air-mixing plate allows cooling combustion
air to pass through the combustion chamber along the
inner wall of the funnel defining the combustion cham-
ber to provide additional cooling of the combustion
chamber and increase control of the burn. The funnel
defines a tapered combustion chamber converging from
its inlet holding the air-mixing plate to its outlet joining
the tube heat exchanger. This funnel converges as a
selected angle along its length to allow gradual control-
led combustion of the air and fuel mixture to provide a
higher burner firing rate into a small bore tube heat
exchanger. The funnel provides a firing cone which
allows combustion to begin, progress, and transition
gradually into a small bore tube heat exchanger having
a desired internal diameter.

[0015] Additional objects, features, and advantages
of the invention will become apparent to those skilled in
the art upon consideration of the following detailed
description of a preferred embodiment exemplifying the
best mode of carrying out the invention as presently
perceived.

Brief Description of the Drawings

[0016] The detailed description particularly refers to
the accompanying figures in which:

Fig. 1 is a schematic view of a burner assembly in
accordance with the present invention showing a
burner housing, a fuel supply, an air supply, a com-
bustion air fan, and a tank containing liquid to be
heated by a tube heat exchanger connected to the
burner assembly;

Fig. 2 is a view of a burner-mounted combustion air
fan suitable for use in the burner assembly of Fig. 1;
Fig. 3 is an enlarged sectional view of the burner
housing of Fig. 1 showing a gaseous fuel nozzle
extending into an interior region in the burner hous-
ing, an air-mixing plate mounted on the nozzle, a
funnel defining an air and fuel mixing region to pro-
vide a combustion chamber connected to a small
bore tube heat exchanger located outside the
burner housing, and a valve-controlled combustion
air inlet formed in the burner housing;

Fig. 4 is a section taken along line 4-4 of Fig. 3
showing the air-mixing plate and the pattern and
size of air supply apertures formed in the air-mixing
plate and arranged in rings around the gaseous fuel
nozzle;

Fig. 5 is an enlarged elevation view of the head of
the gaseous fuel nozzle illustrated in Figs. 3 and 4
showing the location of three of the circumferen-
tially spaced-apart sets of fuel discharge ports in
the annular side wall of the nozzle and the arrange-
ment of the fuel discharge ports in each set in a tri-
angular pattern;

Fig. 6 is a section taken along line 6-6 in Fig. 5
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showing the spacing and arrangement of fuel dis-
charge ports about the circumference of the gase-
ous fuel nozzle;

Fig. 7 is a partial side view showing a control link-
age connecting a fuel supply control valve located
in a fuel supply apparatus connected to the burner
housing and an air supply valve located in the com-
bustion air inlet formed in the burner housing;

Fig. 8 is a perspective view of the fuel supply con-
trol valve shown in Fig. 7 and a drive shaft for rotat-
ing the fuel supply control valve about its
longitudinal axis between opened and closed posi-
tions;

Fig. 9 is a section taken along line 9-9 in Fig. 7
showing the interior of the fuel supply apparatus
and, particularly, the passageways provided therein
to conduct gaseous fuel from the fuel supply to the
gaseous fuel nozzle, the placement of the fuel sup-
ply control valve in a bore to extend across one of
the fuel passageways in the fuel supply apparatus,
and the placement of a fuel valve actuator and con-
trol linkage outside of the fuel supply apparatus to
provide means for rotating the drive shaft and the
fuel supply control valve to regulate opening and
closing of the fuel supply control valve;

Fig. 10 is an enlarged side elevation view of the fuel
supply control valve of Fig. 9 in its opened position
allowing a maximum flow of gaseous fuel through
the fuel supply apparatus and into the fuel nozzle;
Fig. 11 is a section taken along line 11-11 in Fig. 10
showing the direction in which the fuel supply con-
trol valve is rotated to move toward its closed posi-
tion;

Fig. 12 is a view similar to Fig. 10 showing the fuel
supply control valve in its closed position allowing a
minimum flow of gaseous fuel through the fuel sup-
ply apparatus and into the fuel nozzle to sustain an
idle condition in the burner at a low fire rate;

Fig. 13 is a section taken along line 13-13 in Fig. 10;
and

Fig. 14 is a plot showing the percentage of gaseous
fuel that is permitted to flow past the fuel supply
control valve of Fig. 9 as a function of the angle of
rotation of the valve away from its closed position
shown in Figs. 12 and 13, thereby illustrating that a
minimum of 10% fuel flow is allowed when the valve
is in its closed position (Figs. 12 and 13) and a max-
imum of 100% fuel flow is allowed when the valve is
in its opened position (Figs. 10 and 11).

Detailed Description of the Drawings

[0017] As shown in Fig. 1, a gas-fired tube burner
10 is used in industrial processes to produce a burnin a
tube heat exchanger situated in a tank 12 to heat liquid
38 contained in the tank 12. Gaseous fuel from a fuel
supply 14 and combustion air from an air supply 16 is
mixed inside a combustion chamber 24 provided in the

10

15

20

25

30

35

40

45

50

55

burner 10 to form a combustible mixture and the mixture
is ignited to produce the burn. In use, gaseous fuel
passes from the fuel supply 14 through a fuel supply
conduit 18 to a fuel supply apparatus 20 that is attached
to the back end 22 of a burner housing 26. Fuel supply
apparatus conducts a measured amount of gaseous
fuel to the combustion chamber 24 located inside the
burner housing 26 and connected to a tube heat
exchanger situated in tank 12.

[0018] A combustion air fan 28, preferably mounted
on the burner housing 26 as shown in Fig. 2, supplies
combustion air from an air supply 16 to a combustion air
inlet 30 formed in a side wall 27 of the burner housing
26. Pivot links 32 and 34 and a control rod 36 form a
control linkage connecting a butterfly valve 70 mounted
in the combustion air inlet 30 to a rotatable fuel supply
control valve 188 and drive shaft 200 mounted in the
fuel supply apparatus 20. An operator can operate the
control linkage 32, 34, 36 manually or by remote control
to regulate the amount of air and fuel flow into the com-
bustion chamber 24 easily to ensure that a proper ratio
of air and fuel combine in the combustion chamber 24 to
produce a combustible mixture.

[0019] The burn produced in combustion chamber
24 is directed out of the front end 44 of the burner hous-
ing 26 and into an inlet end 43 of a long tube heat
exchanger 46. Tube heat exchanger 46 includes a ser-
pentine section 49 which winds through the tank 12 and
connects to an exit aperture 51. Tube 46 also includes
an exhaust tube 53 coupled to the serpentine section 49
at exit aperture 51 and an exhaust stack 57. As shown
in Fig. 1, serpentine section 49 is immersed in the liquid
38 contained in tank 12 so that it can function as a heat
exchanger to transfer heat from the burn produced by
burner 10 to the liquid 38 in tank 12.

[0020] Conveniently, burner housing 26 is attached
to tube heat exchanger 46 using mounting studs 45 that
are provided on front end 44 of the burner housing 26.
These mounting studs 45 are arranged to mate with
apertures formed in a conventional flange 47 that is
mounted on tube heat exchanger 46 and provided by
the end user. One advantage of burner 10 is that it is
configured to mount directly to conventional tube heat
exchangers without the need to provide or rely on addi-
tional connection devices.

[0021] Although reference is made herein to an
"immersion" tube burner 10, the low pressure tube-fired
burner 10 of the present invention is suitable for use in
many other applications that do not require immersion
of a tube in a tank of liquid. For example, the tube-fired
burner might be used with a fin tube indirect heater or
with radiant tubes where heat is given off by the tube to
heat a stream of air or nearby material.

[0022] Referring now to Fig. 3, burner housing 26
includes a cylindrical side wall 27 extending between
front end 44 and back end 22. A combustion air inlet
aperture 52 is formed in the side wall 27. Side wall 27
and ends 22 and 44 cooperate to define an interior
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region 55 inside burner housing 26.

[0023] A cylindrical combustion air inlet 30 is
formed to include an inner end 54 coupled to the burner
housing 26 at the combustion air inlet aperture 52, an
outer end 64, and a cylindrical side wall 60 extending
between the inner end 54 and the outer end 64. The
cylindrical side wall 60 defines a combustion air pas-
sage 62 for conducting combustion air from air supply
16 and fan 28 into the interior region 55 of the burner
housing 26. An annular mounting flange 66 for mount-
ing a combustion air fan 28 on the burner 10 is formed
at the outer end 64 of the combustion air inlet 30.
[0024] A circular butterfly valve 70 is centrally
mounted inside the combustion air passage 62. The
diameter of the butterfly valve 70 is substantially equal
to the inner diameter of the combustion air passage 62.
The butterfly valve 70 is mounted to rotate on an axle 72
that is oriented to lie on an axis transverse to the central
axis of the combustion air passage 62. The axle 72 is
rotatably coupled to the cylindrical side wall 60 of the
combustion air inlet 30 so that the butterfly valve 70 can
rotate on the axle 72 between fully closed and opened
positions. In the closed position, as shown in Fig. 7, the
butterfly valve 70 lies in a plane that is transverse to the
central axis of the combustion air passage 62. In the
opened position, as shown in Figs. 3 and 7, the butterfly
valve 70 lies in a plane that is at an acute angle to the
central axis of the combustion air passage 62.

[0025] The fuel supply apparatus 20 is attached to
the back end 22 of the burner housing 26 by bolts 85,
rivets, or other suitable fastening means. As shown best
in Fig. 3, a fuel nozzle 80 and a flame ignition means 82,
illustratively an electrical spark-producing device,
project outwardly from the fuel supply apparatus 20,
through an aperture 96 formed in the back end 22 of the
burner housing 26, and into the interior region 55 of the
burner housing 26 and the combustion chamber 24.
[0026] A circular air-mixing plate 90 is coupled to
the fuel nozzle 80 and the ignition means 82 and config-
ured to help regulate the flow of combustion air into an
air and fuel mixing region 68 provided inside the com-
bustion chamber 24. As shown best in Fig. 3, a funnel
69 is mounted inside burner housing 26 and configured
to define the combustion chamber 24 therein. The air
and fuel mixing region 68 is located at one end of the
funnel 69 to receive gaseous fuel discharged by fuel
nozzle 80 and combustion air passed through air-mixing
plate 90. The fuel supply apparatus 20 and fuel nozzle
80 cooperate to regulate the flow of gaseous fuel into
the air and fuel mixing region while the air supply appa-
ratus 28, 62, 70 and air-mixing plate 90 cooperate to
regulate the flow of combustion air into the air and fuel
mixing region.

[0027] As shown in Figs. 3 and 4, the air-mixing
plate 90 is formed to include a round, thin, flat plate 91
and a circular mounting collar 92. The collar 92 projects
axially outwardly from a first face 94 of the flat plate 91.
The circular mounting collar 92 is formed to include a
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central aperture 96 for receiving the body of the fuel
nozzle 80. A distal surface 98 of the mounting collar 92
engages a shoulder 100 formed in the cylindrical side
wall 110 of the fuel nozzle 90. The shoulder 100 is posi-
tioned to allow an end portion 112 of the fuel nozzle 80
to project axially beyond the second face 97 of flat plate
91 into the mixing region 68 provided in the combustion
chamber 24 defined within funnel 69. The fuel nozzle 80
is attached to the air-mixing plate 90 by bolts, screws,
rivets, or suitable fastening means. For example, in the
illustrated embodiment, a bolt 99 couples fuel nozzle 80
to the collar 92 of air-mixing plate 90.

[0028] The flat plate 91 is also formed to include an
offset aperture 114 for receiving the flame ignition
means 82 as shown in Fig. 4. The flame ignition means
82 extends from the fuel supply apparatus 20 through
the aperture 114 in the flat plate 91 to allow the ignition
means 82 to project from the second surface 97 of the
flat plate 91 into the air and fuel mixing region 68.
[0029] The air-mixing plate 90 also includes a first
set of apertures 122 spaced uniformly and arranged in
a first ring about the end portion 112 spaced uniformly,
a second set of apertures 124 of the fuel nozzle 80
spaced uniformly and arranged in a second ring about
the first ring, a third set of apertures 126 spaced uni-
formly and arranged in a third ring about the second
ring, and a fourth set of apertures 128 spaced uniformly
and arranged in a fourth ring about the third ring. The
inner diameter of each aperture in sets 122, 124, 126,
128 increases as a function of the radial distance of the
ring from the central aperture 96 so that each aperture
in the first set of apertures 122 has the smallest inner
diameter, each aperture in the second set of apertures
124 has a medium-sized inner diameter, each aperture
in the third set of apertures 126 has a large-sized inner
diameter, and each aperture in the fourth set of aper-
tures 128 has a jumbo-sized diameter. For example, in
a tube burner 10 firing into 3.0 inch (7.6 cm) diameter
tube heat exchanger 46, apertures 122 have a 0.196
inch (0.498 cm) diameter, apertures 124 have a 0.277
inch (0.704 cm) diameter, apertures 126 have a 0.339
inch (0.861 cm) diameter, and apertures 128 have a
0.390 inch (0.991 cm) diameter.

[0030] By varying the inner diameter size of the
apertures in aperture sets 122, 124, 126, 128, less
pressure is required to feed a sufficient amount of com-
bustion air into the air and fuel mixing region 68 in com-
bustion chamber 24 as compared to a plate similar to
plate 90 but formed to include apertures of uniform
diameter. Advantageously, this means that a lower pres-
sure fan 28 can be used to move a sufficient amount of
combustion air into the burner housing 26, thereby
reducing fan size, cost, etc. considerably as compared
to conventional gas-fired tube burners. The perforated
air-mixing plate 90 uses a pattern of air holes of increas-
ing size to provide a graduated amount of air to the com-
bustion taking place in combustion chamber 22 to
enhance the burn fired into a small bore tube heat
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exchanger.

[0031] Furthermore, the jumbo-sized diameters of
the fourth set of apertures 128 help to maximize the
amount of funnel-cooling combustion air that is allowed
to flow along the inner surface 134 of the funnel 69. This
extra air flow envelope provides additional cooling in the
combustion chamber 24 by tending to hold the flame
230 away from the inner surface 134 of the funnel 69.
Also, in the illustrated embodiment, the air-mixing plate
90 and the funnel 69 cooperate to define an annular gap
129 between an external diameter of that plate 91 and
the internal diameter of that portion of the funnel 69
adjacent to the outside perimeter edge of the flat plate
91. This annular gap 129 is provided to allow even more
funnel-cooling combustion air to flow along the inner
surface 134 of the funnel 69 during combustion to pro-
mote desirable cooling of the funnel 69. Advanta-
geously, it is not necessary using this burner design to
mount all or part of the burner housing 26 inside the
tank 12 to achieve needed cooling.

[0032] The funnel 69 provides a firing cone that is
located in the interior region 55 of the burner housing
26, as shown best in Figs. 1 and 3. Funnel 69 is a thin-
walled sleeve including a conical transition section 136,
a cylindrical discharge end 138, and a cylindrical intake
end 140. Preferably, the conical transition section 136
converges at an angle of approximately 11° relative to
its longitudinal central axis 141 from the intake end 140
to the discharge end 138. The cylindrical intake end 140
engages a circumferential shoulder 142 formed on the
perimeter edge of the air-mixing plate 90. The cylindri-
cal discharge end 138 mates with a shallow aperture
144 formed in the front end 44 of the burner housing 26
and oriented to face toward the nozzle 80. The front end
44 of the burner housing 26 is attached by bolts 45 or
other suitable means to the annular flange 47 appended
to the inlet end 43 of the tube heat exchanger 46.
[0033] The firing cone funnel 69 and the air-mixing
plate 90 cooperate to define the combustion chamber
24 in which a mixture of air provided by air supply 16
and fuel provided by fuel supply 14 is ignited by flame
ignition means 82 to fire a burn into the tube heat
exchanger 46 that extends into tank 12. The firing cone
funnel 69 cooperates with the side wall 27 of the burner
housing 26 to form a diverging annular channel for dis-
tributing combustion air around the conical perimeter of
firing cone funnel 134 and into the mixing region 68 in
the combustion chamber 24 through the cylindrical
intake end 140.

[0034] The end portion 112 of the fuel nozzle 80
projects from the air-mixing plate 90 into the combustion
chamber 24. As shown in Figs. 5 and 6, fuel discharge
ports 150, 158 are arranged in triangular patterns 152
that are circumferentially spaced-apart on the side wall
153 of the end portion 112 of the fuel nozzle 80. Prefer-
ably, the fuel discharge ports 150, 156 provided in a fuel
nozzle 80 to be used in a 3.0 inch (7.6 cm) tube burner
would have a diameter of approximately 0.070 inches
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(0.178 cm). The orientation of the fuel discharge ports
150 causes fuel to be discharged in a plane parallel to,
and spaced-apart from, the air-mixing plate 90. The
plane of fuel discharge ports 150 that form the bases of
the triangular patterns 152 is shown in Fig. 6, which is a
sectional view taken along lines 6-6 of Fig. 5. In each tri-
angular pattern 152, the fuel discharge ports 150 form-
ing the base of each triangular pattern 152 are angularly
spaced by a predetermined angle 154, preferably about
10°. The fuel discharge port 156, at the apex of the tri-
angular pattern 152, lies in a plane bisecting the angle
154 thereby forming an angle 155 of 5° with the central
axes of discharge ports 150.

[0035] The pattern of ports provided in fuel nozzle
80 function, when used in conjunction with air-mixing
plate 90, to provide a stable, uniform flame to fit the con-
verging transition defined by the firing cone funnel 69.
By using a high fuel pressure, good turndown perform-
ance is achieved. As shown in Fig. 4, the fuel nozzle 80
is indexed relative to the air-mixing plate 90 to cause
each fuel discharge port 156 to be aimed in the direction
of a line bisecting the included angle defined by each
adjacent radially extending line of apertures 122, 124,
126, and 128.

[0036] In a natural gas burner design, preferably six
sets of three ports 150, 156 are circumferentially
spaced-apart around the side wall 153 of the end por-
tion 112 of the fuel nozzle 80. For a propane burner,
three sets of three ports 150, 156 are preferred. In both
cases, one set of ports 150 should be aimed at the
flame ignition means 82.

[0037] The fuel supply apparatus 20, as shown in
Fig. 9, is formed to include three internal passageways
74, 76, and 78 and a mounting flange 84 for attaching
the fuel supply apparatus 20 to the back end 22 of the
burner housing 26. These three internal passageways
74,76, 78 cooperate to conduct fuel from the fuel supply
conduit 18 to the fuel nozzle 80 so that the nozzle 80
can discharge gaseous fuel into the air and fuel mixing
region 68 in the combustion chamber 24. A first pas-
sageway 74 is formed in the fuel supply apparatus 20 to
connect the fuel supply conduit 18 to a second pas-
sageway 76. The second passageway 76 is formed in
the fuel supply apparatus 20 to lie perpendicular to the
first passageway 74 and parallel to the mounting flange
84 so that it intersects a third passageway 78 connected
to the fuel nozzle 80. The third passageway 78 is per-
pendicular to the mounting flange 84 and to the second
passageway 76.

[0038] The first passageway 74 has a first end 158
that is threaded at 160 to engage one threaded end of
the fuel supply conduit 18. Formed perpendicular to the
mounting flange 84, the first passageway 74 extends
into a second passageway 76, which connects the first
passageway 74 to the third passageway 78. A first end
162 of the second passageway 76 is threaded at 164 to
receive a threaded sealing plug 166. A second end 168
of the second passageway 76 opens into the third pas-
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sageway 78. The third passageway 78 has a first end
170 that is threaded at 172 to receive a threaded seal-
ing plug 167. The second end 174 of the third passage-
way 78 empties gaseous fuel into the fuel nozzle 80 for
delivery through the fuel nozzle 80 into the air and fuel
mixing region 68 in the combustion chamber 24.

[0039] A cylindrical fuel control valve bore 178 is
formed in the fuel supply apparatus 20 and positioned to
be orthogonal to, and pass through, the first internal
passageway 74 as shown in Fig. 9. Bore 178 is also
aligned to lie in spaced-apart parallel relation to the sec-
ond passageway 76. Bore 178 is configured to receive a
valve which can be operated to regulate the flow rate of
fuel through the first passageway 74 so that an operator
can control the amount of gaseous fuel that is dis-
charged by the fuel nozzle 80 into the air and fuel mixing
region 68 in the combustion chamber 24.

[0040] A fuel supply control valve 180, of the type
shown in Fig. 8, is inserted into the fuel control valve
bore 178 to assume the position shown in Fig. 9. The
fuel supply control valve 180 is arranged to lie in rotative
bearing engagement with the cylindrical wall defining
bore 178. By rotating the fuel supply control valve 180
about its longitudinal axis 214 in bore 178, it is possible
to vary the flow rate of gaseous fuel allowed to pass
through the first internal passageway 74 toward the fuel
nozzle 80 owing to the special shape of the central valv-
ing portion 188 of the fuel supply control valve 180. It
will be apparent from the following description that the
shape of the valving portion 188 can be configured so
as not to shut off gas flow completely when the fuel sup-
ply control valve is in its closed position. This feature
always permits the fuel nozzle 80 to discharge a small
amount of fuel into the combustion chamber 24 to main-
tain low fire therein.

[0041] As shown in more detail in Fig. 8, the fuel
supply control valve 180 includes spaced-apart, cylin-
drical first and second journals 182 and 184 that
engage first and second cylindrical bearing sections
185 and 187, respectively, provided in bore 178. A notch
or slot 192 is cut into the fuel supply control valve 180 in
the region between the first and second journals 182
and 184 to form a valving section 188 having a special
flow control shape. lllustratively, the valving section 188
is formed to include a rectangular bottom wall 194 and
two upright, semicircular, spaced-apart parallel side
walls 196 and 198. An O-ring seal 199 is installed in an
annular groove formed in the second journal 184 to pro-
vide a seal between the inner wall of bore 178 and the
rotatable fuel supply control valve.

[0042] A drive shaft 200 is rigidly connected to one
end 201 of the fuel supply control valve 180, as shown
in Figs. 8 and 9, to control rotation of the fuel supply
control valve 180 in bore 178. Drive shaft 200 is
arranged to extend through a passageway 202 formed
in a bearing 210 which is rigidly attached to a side wall
204 of the fuel supply apparatus 20 as shown in Fig. 9.
A distal end 212 of the shaft 200 is attached to a first
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pivot link 32 as shown in Figs. 7 and 9. A fuel valve actu-
ator 226 coupled to drive shaft 200 or first pivot link 32
is operable manually or by remote control to rotate drive
shaft 200 about its longitudinal axis 214 causing the fuel
supply control valve 180 to rotate about its longitudinal
axis 214 in bore 178 between a closed position and an
open position, thereby regulating the amount of fuel
passing through the fuel supply apparatus 20 to the fuel
nozzle 80. In the closed position, the bottom wall 194 of
the valving section 188 lies perpendicular to the longitu-
dinal axis .215 of the first passageway 74. In the fully
open position, the bottom wall 194 of the valving section
188 lies parallel to the longitudinal axis 215 of the first
passageway 74, thereby allowing fuel from the fuel sup-
ply conduit 18 to pass through the valving section 188 of
fuel supply control valve 180 in direction 216 toward the
fuel nozzle 180.

[0043] The fuel valve actuator 226 and drive shaft
200 can be used to rotate the fuel supply control valve
180 to assume its opened position as shown, for exam-
ple, in Figs. 10 and 11. In this opened position, gaseous
fuel can travel from upstream section 203 of first internal
passageway 74 to downstream section 205 of first inter-
nal passageway 74 through the channel 207 bounded
by the inner wall of passageway 74 and the slot 192
formed in valving section 188. When opened, the fuel
supply control valve 180 permits a maximum amount of
fuel to flow through the first internal passageway 74 in
fuel supply apparatus 20 to fuel nozzle 80.

[0044] The fuel supply control valve 180 can be
rotated in direction 209 (Fig. 11) to move toward the
closed position shown, for example, in Figs. 12 and 13.
In this closed position, only a small amount of gaseous
fuel can ftravel through valving section 188 from
upstream passageway section 203 to downstream pas-
sageway section 205. This small amount of gaseous
fuel passes through a semicircular upper channel 211
and a spaced-apart semicircular lower channel 213 as
shown, for example, in Figs. 12 and 13.

[0045] The slotted valving section 188 in fuel supply
control valve 180 makes it easy for a user to idle the
burner 10 at low fire rates. In many conventional burn-
ers, because of poor valving and idling capabilities, it is
often necessary to turn the burner off and then reignite
it when heat is later needed. The fuel supply control
valve 180 is configured to make it possible to allow a
predetermined amount of fuel flow through upper and
lower channels 211 and 213 as shown in Figs. 12 and
13 to maintain a low fire in burner 10. Maintaining
proper combustion air and fuel ratios throughout the
range of burner operation is also important as it relates
to burner efficiency. Not only does valve 180 provide a
proper combustion air and fuel ratio at the maximum fir-
ing rate, it also provides a proper ratio during turndown
of the burner to lower firing rates. It will be understood
that if a burner operates without the proper air and fuel
ratio, it represents a significant waste of fuel. The new
valve design also provides a maximum amount of repro-
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ducibility in production quantities.

[0046] The slot 192 formed in fuel supply control
valve 180 is 0.5 inch (1.27 cm) wide by 0.31 inch (0.79
cm) deep in a 0.5 inch (1.27 cm) diameter slot. Cutting
the depth of slot 192 below the center line of the valve
shaft as shown best in Figs. 10 and 11 allows for the
minimum fuel flow area (e.g., upper and lower channels
211, 213) to be created when the valve 180 is in the
closed position as shown in Figs. 12 and 13.

[0047] A plot showing the available fuel flow area
through valving section 188 as a function of the angle of
rotation of the fuel supply control valve 180 from the
closed position is illustrated in Fig. 14. At 90°, the valve
180 is in the opened position shown in Figs. 10 and 11
and 100% of the maximum flow area through valving
section 188 is available. At 0°, the valve 180 is in the
closed position shown in Figs. 12 and 13 and 10% of the
maximum flow area through valving section 188 is avail-
able. This means a small amount of fuel can always
pass through valve 180 to maintain the burner 10 at a
low fire rate idle condition. It will be understood that it is
possible to program the valve 180 to achieve a desired
"flow curve" of the type shown in Fig. 14 by varying the
width and depth of the slot 192 and the diameter of the
valve 180 for a passageway 74 of a fixed internal diam-
eter or cross-sectional area.

[0048] The fuel supply control valve 180 is con-
nected by control rod 36 to the butterfly valve 70
mounted in the combustion air inlet 30 as shown in Fig.
7 to permit an operator to maintain the proper ratio of air
and fuel in the combustion chamber 24. The control rod
36 has a first end 222 connected to first pivot link 32 and
a second end 224 connected to a second pivot link 34.
The first pivot link 32 is rigidly connected to the drive
shaft 200, and the second pivot link 34 is rigidly
attached to a portion of the butterfly valve axle 72 which
extends through the cylindrical side wall 60 of the com-
bustion air inlet 30. When the first pivot link 32 is moved
to position the fuel supply control valve 180 in the closed
position, the control rod 36 positions the second pivot
link 34 to close the butterfly valve 70 in the combustion
air inlet 30. Moving the first pivot link 32 to position the
fuel supply control valve 180 in the open position pulls
the control rod 36 in a direction which actuates the sec-
ond pivot link 34 to open the butterfly valve 70. lllustra-
tively, a fuel valve actuator 226 of any suitable type is
used to provide means for rotating the drive shaft 200
about its longitudinal axis 214 to control opening and
closing of the fuel supply control valve 180 and the air
supply butterfly valve 70 using the pivoting control link-
age 32, 34, 36.

[0049] In operation, a user connects a fuel supply
14 to the fuel supply apparatus 20 using fuel supply
conduit 18. The fuel valve actuator 226 is operated
manually or by remote control to rotate drive shaft 200
and the fuel supply control valve 180 to control the
amount of gaseous fuel flowing through the first, sec-
ond, and third internal passageways 74, 76, and 78 in
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the fuel supply apparatus 20 and into the fuel nozzle 80.
A certain amount of fuel is allowed to pass through the
fuel supply apparatus 20 into the interior of the fuel noz-
zle 80 and then out the fuel discharge ports 150 and
156 formed in the end portion 112 of the fuel nozzle 80
into the air and fuel mixing region 68 in the combustion
chamber 24. By action of the pivoting linkage including
first and second pivot links 32 and 34 and the control
rod 36, opening the fuel supply control valve 180 causes
the butterfly valve 70 to open at the same time.

[0050] Opening the butterfly valve 70 allows com-
bustion air blown by low pressure fan 28 to pass from
the air supply 16 through the air passage 62 and into the
interior region 55 of the burner housing 26. The air
enters the burner housing 26 and passes over and
around the firing cone funnel 69 in a direction from right
to left in Fig. 3, advantageously cooling the funnel 69
and the air and fuel mixture contained in the combustion
chamber 24 defined by the funnel 69. At the same time,
the funnel 69 radiates heat into interior region 55 to
warm the combustion air swirling around the funnel 69
and passing from right to left through the interior region
55 of the burner housing 26. The warmed combustion
air then passes around to the cylindrical intake end 140
of the funnel 69.

[0051] The air-mixing plate 90 is mounted in the cir-
cular opening provided in the intake end 140 of funnel
69 and is formed to include an array of air supply aper-
tures 122, 124, 126, and 128 that are sized and
arranged to regulate the flow of combustion air that is
allowed to pass into the air and fuel mixing region 68 in
combustion chamber 24. Combustion air passes
through the apertures 122, 124, 126, and 128 in the air-
mixing plate 90 and the annular gap 129 around the
perimeter edge of the air-mixing plate 90 to cause a reg-
ulated amount of combustion air to enter the combus-
tion chamber 24. This combustion air mixes with the fuel
discharged by fuel nozzle 180 to form a combustible air
and fuel mixture.

[0052] The fuel and the combustion air mix uni-
formly in the air and fuel mixing region 68 provided in
the combustion chamber 24 to produce a combustible
mixture that is ignited by the flame ignition means 82 to
produce a flame 230. The placement of the annular gap
129, the radially spaced-apart rings of air supply aper-
tures 122, 124, 126, 128, and the varying size of the
inner diameters of the apertures 122, 124, 126, 128
cooperate to allow a standard size burner to operate in
a stable manner while firing directly into a small bore
tube such as tube heat exchanger 46. Incoming com-
bustion air and fuel push the flame 230 of the burning
mixture along the length of the conical transition section
136 and into the cylindrical discharge end 138. From the
cylindrical discharge end 138, the burn passes through
the discharge aperture 144 formed in the front end 44 of
the burner housing 26 and into the tube heat exchanger
46 including the inlet end 43 and the serpentine section
49 situated in the heating tank 12 and immersed in lig-
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uid 38 contained in tank 12.

[0053] The maximum combustion air volume flow
rate for a 3.0 inch (7.6 cm) burner with a packaged fan
is approximately 5960 cubic feet (167 cubic meters) per
hour at a pressure of 6.0 inches (15.2 cm) of water col-
umn. With an external blower (not shown), the maxi-
mum combustion air volume flow rate increases to
9,536 cubic feet (270.2 cubic meters) per hour at
approximately 15 inches (38.1 cm) water column. This
compares to a required pressure of approximately 35
inches (88.9 cm) of water column for a conventional
burner to achieve the same thermal output.

[0054] The fuel pressure required at the burner inlet
of a 3.0 inch (7.6 cm) tube burner is approximately 27
inches (68.6 cm) of water column at the maximum pack-
age fan firing rate of natural gas. Propane fuel pressure
will be slightly higher. The natural gas volume flow rate
on a 3.0 inch (7.6 cm) burner corresponding to the max-
imum combustion air volume flow rate with a packaged
fan (not shown) is approximately 500 cubic feet per hour
(14.2 cubic meters per hour). With an external blower
(not shown), the natural gas fuel flow increases to
approximately 800 cubic feet per hour (22.7 cubic
meters per hour).

Claims

1. Aburner assembly (10) for combining air and fuel to
produce a burn firing into a tube (46), the burner
assembly comprising:

a funnel (69) formed to include an inlet end
(140), an outlet end (138), and a mixing region
(24) communicating with the inlet and outlet
end to fire a burn produced in the mixing region
(24) into the tube (46) coupled to the outlet end
of the funnel (69),

a nozzle (80) configured to supply a gaseous
fuel to the mixing region (24) in the funnel (69),

means for introducing combustion air into the
mixing region (24) through the inlet end (140) in
the funnel (69) to mix with the gaseous fuel in
the mixing region to produce a combustible
mixture, the introducing means includes an air-
mixing plate (90) mounted in the inlet end (140)
of the funnel (69) and formed to include a plu-
rality of air supply apertures (122,124,126,128)
passing combustion air into the mixing region,
the introducing means including a burner hous-
ing (26) formed to include a discharge outlet
and an interior region containing combustion
air, the funnel being located in the interior
region of the burner housing (26) to position the
air-mixing plate (90) in the interior region so
that combustion air in the interior region is sup-
plied into the mixing region through the air sup-
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ply apertures (122,124,126,128) in the air-
mixing plate (90), the burner housing (26)
including a wall (27) surrounding the conical
wall (136) of the funnel (69) to define channel
means for distributing combustion air admitted
into the interior region around the periphery of
the conical side wall (136) to cool a combustion
mixture in the mixing region in the funnel (69)
and for conducting combustion air into the mix-
ing region in the funnel through the air supply
apertures formed in the air-mixing plate.

The burner assembly of claim 1, wherein the outlet
end (138) of the funnel (69) is coupled to the dis-
charge outlet of the burner housing (26) so that a
burn produced in the mixing region of the funnel
(69) is fired into a tube (46) positioned outside the
burner housing (26) and coupled to the outlet end of
the funnel through the discharge outlet.

The burner assembly of claim 2, wherein the burner
housing (26) is formed to include an air supply inlet
(62) and the funnel is mounted in the interior region
of the burner housing to position the conical side
wall (136) in close proximity to and facing toward
the air supply inlet (62).

The burner assembly of claim 3, wherein the coni-
cal side wall (136) conducts combustion air into the
mixing region in the funnel only through the air sup-
ply apertures (122,124,126,128).

The burner assembly of claim 4, wherein the nozzle
(80) includes a longitudinal axis and an annular por-
tion situated in the mixing region and formed to
include means for discharging gaseous fuel from
the nozzle into the mixing region at right angles to
the longitudinal axis of the nozzle along an interior
wall of the air-mixing plate (90).

The burner assembly of claim 4, wherein the nozzle
(80) includes an annular portion situated in the mix-
ing region and formed to include a plurality of cir-
cumferentially spaced-apart sets of fuel discharge
ports, each set of fuel discharge ports including
three fuel discharge ports formed in the annular
portion and arranged in a triangular pattern.

The burner assembly of claim 6, wherein the air-
mixing plate (90) includes a plurality of sets of cir-
cumferentially spaced-apart air supply apertures
(122,124,126,128) and one of the three fuel dis-
charge ports formed in the annular portion and
arranged in a triangular pattern.

The burner assembly of claim 1, wherein the intro-
ducing means comprises means for mounting the
burner housing (26) on an exterior portion of a tank
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containing said heater tube to couple the outlet end
off the funnel to the heater tube in the tank through
the discharge outlet of the burner housing so that
the burner housing and funnel are situated outside
of the tank and arranged to fire a burn produced in
the mixing region of the funnel into the heater tube.

The burner assembly of claim 8, wherein the burner
housing (26) is formed to include an air supply inlet
(62) into the interior region and the introducing
means further includes a combustion air fan
mounted on the burner housing to blow combustion
air into the interior region of the burner housing
through the air supply inlet.

The burner assembly of claim 9, wherein the burner
housing (26) includes a rear wall, a front wall, and a
side wall extending between the front and rear wall
and around the conical side wall of the funnel, the
front wall is formed to include the discharge outlet,
and the side wall of the burner housing is formed to
include the air supply inlet (62) facing the conical
side wall (136) of the funnel (69).

Patentanspriiche

1.

Brenneraufbau (10) zum Vereinigen von Luft und
Brennstoff, um eine Verbrennung zu erzeugen, die
in ein Rohr (46) feuert, wobei der Brenneraufbau
umfaldt:

einen Trichter (69), der ausgebildet ist, um ein
EinlaBende (140), ein AuslaBende (138) und
eine Mischungsregion (24), die mit dem Einla-
und dem Auslallende kommuniziert, zu umfas-
sen, um eine \Verbrennung, die in der
Mischungsregion (24) erzeugt wird, in das
Rohr (46) zu feuem, das an das AuslaRende
des Trichters (69) gekoppelt ist,

eine Diise (80), die ausgestaltet ist, um einen
gasférmigen Brennstoff zu der Mischungsre-
gion (24) in dem Trichter (69) zu fiihren,

ein Mittel zum Zufiihren von Verbrennungsluft
durch das EinlaRende (140) in dem Trichter
(69) in die Mischungsregion (24), um sie mit
dem gasférmigen Brennstoff in der Mischungs-
region zur Erzeugung eines brennbaren
Gemischs zu mischen, wobei das Zufiihrmittel
eine Luftmischungsplatte (90) aufweist, die in
dem EinlafRende (140) des Trichters (69) befe-
stigt und ausgebildet ist, um eine Vielzahl von
Luftzufuhraperturen (122, 124, 126, 128) auf-
zuweisen, die Verbrennungsluft in die
Mischungsregion einleiten, wobei das Zufiihr-
mittel ein Brennergehause (26) aufweist, das
ausgebildet ist, um einen AuslaBaustritt und
einen inneren Bereich aufzuweisen, der Ver-
brennungsluft enthalt, wobei der Trichter in
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dem inneren Bereich des Brennergehauses
(26) angeordnet ist, um die Luftmischungs-
platte (90) in dem inneren Bereich zu positio-
nieren, damit Verbrennungsluft in dem inneren
Bereich durch die Luftzufuhraperturen (122,
124, 126, 128) in der Luftmischungsplatte (90)
in die Mischungsregion zugefiihrt wird, und
wobei das Brennergehduse (26) eine Wand
(27) aufweist, die die konische Wand (136) des
Trichters (69) umschlieft, um ein Kanalmittel
zu definieren, das die Verbrennungsluft verteilt,
die in den inneren Bereich um die Auf3enflache
der konischen Seitenwand (136) zugefihrt
wird, um ein Verbrennungsgemisch in der
Mischungsregion in dem Trichter (69) zu kih-
len, und das Verbrennungsluft durch die in der
Luftmischungsplatte ausgebildeten Luftzufuhr-
aperturen in die Mischungsregion in dem Trich-
ter fihrt.

Brenneraufbau nach Anspruch 1, worin das Aus-
laRende (138) des Trichters (69) an den AuslaRaus-
tritt des Brennergehauses (26) gekoppelt ist, damit
eine Verbrennung, die in der Mischungsregion des
Trichters (69) erzeugt wird, in ein Rohr (46) gefeuert
wird, das aulerhalb des Brennergehduses (26)
positioniert und Uber den AuslaBaustritt an das
AuslalRende des Trichters gekoppelt ist.

Brenneraufbau nach Anspruch 2, worin das Bren-
nergehduse (26) ausgebildet ist, um einen Luftzu-
fuhreinlal® (62) zu umfassen, und der Trichter im
inneren Bereich des Brennergehauses befestigt ist,
um die konische Seitenwand (136) in nachster
Nahe zu dem LuftzufuhreinlaR® (62) und dem Luft-
zufuhreinlal® (62) gegeniberliegend zu positionie-
ren.

Brenneraufbau nach Anspruch 3, worin die koni-
sche Seitenwand (136) Verbrennungsluft nur durch
die Luftzufuhraperturen (122, 124, 126, 128) in die
Mischungsregion in dem Trichter fiihrt.

Brenneraufbau nach Anspruch 4, worin die Dlse
(80) eine Langsachse und einen ringférmigen
Abschnitt aufweist, der sich in der Mischungsregion
befindet und ausgebildet ist, um Mittel zum Auslas-
sen von gasférmigem Brennstoff aus der Dise in
die Mischungsregion unter rechten Winkeln zur
Langsachse der Duse entlang einer inneren Wand
der Luftmischungsplatte (90) aufzuweisen.

Brenneraufbau nach Anspruch 4, worin die Dise
(80) einen ringférmigen Abschnitt aufweist, der sich
in der Mischungsregion befindet und ausgebildet
ist, um eine Vielzahl von umfangsmaRig beabstan-
deten Gruppierungen von BrennstoffauslaRéffnun-
gen aufzuweisen, wobei jede Gruppierung der
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BrennstoffauslaRéffnungen drei Brennstoffausla-
o6ffnungen aufweist, die in dem ringférmigen
Abschnitt ausgebildet und in einem dreieckigen
Muster angeordnet sind.

Brenneraufbau nach Anspruch 6, worin die Luftmi-
schungsplatte (90) eine Vielzahl von Gruppierun-
gen von umfangsmaRig beabstandeten
Luftzufuhraperturen (122, 124, 126, 128) und eine
der drei BrennstoffauslaRéffnungen aufweist, die in
dem ringfdrmigen Abschnitt ausgebildet und in
einem dreieckigen Muster angeordnet sind.

Brenneraufbau nach Anspruch 1, worin das Zuflhr-
mittel Mittel zum Befestigen des Brennergehauses
(26) an einem auBeren Abschnitt eines Tanks, der
das Heizungsrohr enthalt, umfallt, um das AuslaR-
ende des Trichters durch den AuslaRaustritt des
Brennergehauses an das Heizungsrohr im Tank zu
koppeln, damit das Brennergehause und der Trich-
ter sich aulierhalb des Tanks befinden und ange-
ordnet sind, um eine Verbrennung, die in der
Mischungsregion des Trichters erzeugt wird, in das
Heizungsrohr zu feuern.

Brenneraufbau nach Anspruch 8, worin das Bren-
nergehduse (26) ausgebildet ist, um einen Luftzu-
fuhreinla® (62) in den inneren Bereich
aufzuweisen, und das Zufihrmittel weiter ein Ver-
brennungsluftgeblase aufweist, das an dem Bren-
nergehduse befestigt ist, um Verbrennungsluft
durch den Luftzufuhreinlaf’ in den inneren Bereich
des Brennergehauses zu blasen.

Brenneraufbau nach Anspruch 9, worin das Bren-
nergehduse (26) eine Rickwand, eine Vorderwand
und eine Seitenwand aufweist, die sich zwischen
der Vorderwand und der Rickwand und um die
konische Seitenwand des Trichters erstreckt, wobei
die Vorderwand ausgebildet ist, um den AuslaRaus-
tritt aufzuweisen, und die Seitenwand des Brenner-
gehauses ausgebildet ist, um den Luftzufuhreinlal®
(62) aufzuweisen, der der konischen Seitenwand
(136) des Trichters (69) gegenuberliegt.

Revendications

1.

Ensemble de brdleur (10) pour combiner de l'air et
du carburant afin de produire l'allumage d'un com-
bustible dans un tube (46), I'ensemble de brdleur
comprenant :

un entonnoir (69) comprenant une extrémité
d'entrée (140), une extrémité de sortie (138) et
une région de mélangeage (24) communiquant
avec les extrémités d'entrée et de sortie pour
allumer, a lintérieur du tube (46) couplé a
I'extrémité de sortie de I'entonnoir (60), un
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combustible produit dans la région de mélan-
geage (24),

une buse (80) configurée pour alimenter en
carburant gazeux la région de mélangeage
(24) de I'entonnoir (69),

un moyen pour introduire de I'air de combustion
dans la région de mélangeage (24) par I'extré-
mité d'entrée (140) de I'entonnoir (69), pour
qu'il se mélange au carburant gazeux dans la
région de mélangeage afin de produire un
mélange combustible, le moyen d'introduction
comprenant une plaque (90) de mélange avec
I'air montée dans I'extrémité d'entrée (140) de
I'entonnoir (69) et comprenant plusieurs ouver-
tures d'alimentation en air (122,124,126,128)
faisant passer de I'air de combustion dans la
région de mélangeage, le moyen d'introduction
comprenant un logement de brdleur (26) qui
présente une sortie de déchargement et une
région intérieure contenant de I'air de combus-
tion, I'entonnoir étant placé dans la région inté-
rieure du logement de brlleur (26) pour
positionner la plaque du mélange avec I'air (90)
dans la région intérieure de sorte que de l'air
de combustion de la région intérieure alimente
la région de mélangeage a travers les ouvertu-
res d'alimentation en air (122,124,126,128) de
la plaqgue de mélange avec l'air (90) , le loge-
ment de brileur (26) comprenant une paroi
(27) qui entoure la paroi conique (136) de
I'entonnoir (69) pour déterminer un dispositif en
canal destiné a distribuer I'air de combustion
admis dans la région intérieure autour de la
périphérie de la paroi latérale conique (136)
pour refroidir un mélange combustible dans la
région de mélangeage de l'entonnoir (69) et
pour conduire l'air de combustion dans la
région de mélangeage de l'entonnoir a travers
les ouvertures d'alimentation en air formées
dans la plaque de mélange avec l'air.

2. Ensemble de brileur selon la revendication 1, dans

lequel I'extrémité de sortie (138) de I'entonnoir (69)
est couplée a la sortie de déchargement du loge-
ment du brileur (26) de fagon qu'un combustible
produit dans la région de mélangeage de I'enton-
noir (69) soit allumé dans un tube (46) placé a
I'extérieur du logement de brdleur (26) et couplé a
I'extrémité de sortie de l'entonnoir par l'intermé-
diaire de I'orifice de déchargement.

Ensemble de brileur selon la revendication 2, dans
lequel le logement de bridleur (26) comprend une
entrée (62) d'alimentation en air et I'entonnoir est
monté dans la région intérieure du logement de
brdleur pour placer la paroi latérale conique (136) a
proximité étroite de I'entrée (62) d'alimentation en
air et en regard de celle-ci.



10.

21 EP 0 648 322 B1 22

Ensemble de brlleur selon la revendication 3, dans
lequel la paroi latérale conique (136) ne conduit I'air
de combustion dans la région de mélangeage de
I'entonnoir que seulement a travers les ouvertures
d'alimentation en air (122, 124, 126, 128).

Ensemble de brileur selon la revendication 4, dans
lequel la buse (80) comprend un axe longitudinal et
une partie annulaire située dans la région de
mélangeage et comprenant un moyen pour déchar-
ger du carburant gazeux depuis la buse dans la
région du mélangeage a angle droit par rapport a
I'axe longitudinal de la buse le long d'une paroi inté-
rieure de la plaque (90) de mélange avec l'air.

Ensemble de brileur selon la revendication 4, dans
lequel la buse (80) comprend une partie annulaire
située dans la région du mélangeage et comprend
plusieurs ensembles d'orifices de déchargement de
combustible, écartés les uns des autres circonfé-
rentiellement, chaque ensemble d'orifices de
déchargement de combustible comprenant trois
tels orifices qui sont formés dans la partie annulaire
et sont disposés en triangle.

Ensemble de brlleur selon la revendication 6, dans
lequel la plaque (90) de mélange avec I'air com-
prend plusieurs ensembles d'ouvertures (122, 124,
126, 128) d'alimentation en air écartées circonfe-
rentiellement les unes par rapport aux autres et un
des trois orifices de déchargement de carburant
formés dans la partie annulaire et disposés en
triangle.

Ensemble de brileur selon la revendication 1, dans
lequel le moyen d'introduction comprend un moyen
pour monter le logement de brileur (26) sur une
partie extérieure d' un réservoir contenant le dit
tube chauffant pour coupler I'extrémité de sortie de
I'entonnoir au tube chauffant du réservoir a travers
l'orifice de déchargement du logement de brileur,
de sorte que le logement de brdleur et I'entonnoir
sont situés a l'extérieur du réservoir et disposés
pour allumer dans le tube chauffant un combustible
produit dans la région de mélangeage de l'enton-
noir.

Ensemble de brlleur selon la revendication 8, dans
lequel le logement de brlleur (26) comprend une
entrée d'alimentation en air (62) dans la région inté-
rieure, et le moyen d'introduction comprend de plus
un ventilateur d'air de combustion monté sur le
logement de brdleur pour souffler de I'air de com-
bustion dans la région intérieure du logement de
brileur a travers I'entrée d'alimentation en air.

Ensemble de brlleur selon la revendication 9, dans
lequel le logement de brileur (26) comprend une
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paroi arriere, une paroi avant et une paroi latérale
s'étendant entre les parois avant et arriere et autour
de la paroi latérale conique de I'entonnoir, la paroi
avant comprenant l'orifice de déchargement, et la
paroi latérale du logement de briileur comprenant
I'entrée d'alimentation en air (62) en regard de la
paroi latérale conique (136) de I'entonnoir (69).
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